Aim: To systematically review and report the articles on isometric exercise on blood pressure. Method: Study was done on February 2016 in Google Scholar using search terms 'Isometrics' and 'Blood pressure' AND 'India'. 420 articles were initially identified and after inclusion, exclusion criteria 3 articles are used for this review. Results: Studies were at least 5 weeks duration with 30% MVIC (maximum voluntary isometric contraction) of intensity for 3 min duration. Total of 110 subjects participated with median of 30 subjects. Garg et al. (2014) found mean difference (MD) of -9.87 mmHg in SBP and -5.26 mmHg in DBP. Sandhu et al. (2014) found MD of -7.04 mmHg in SBP and -6.56 mmHg in DBP. Gandhi (2016) found MD of -3.24 mmHg in SBP and -4.03 mmHg in DBP. Overall there was a mean reduction of 6.72 mmHg in SBP and 5.28 mmHg in DBP. Conclusion: After isometric exercise in Indians BP reduction is as of Western counterparts.
Introduction
High blood pressure (BP) is ranked as the third most important risk factor for burden of disease in south Asia (Lim et al., 2012) . Overall prevalence for hypertension in India was 29.8%. Significant differences in hypertension prevalence were noted between rural and urban parts [27.6% and 33.8%] . Of these, 25% rural and 42% urban Indians are aware of their hypertensive status. Only 25% rural and 38% of urban Indians are being treated for hypertension. One-tenth of rural and one-fifth of urban Indian hypertensive population have their BP under control (Anchala et al., 2014) . Studies reported on the risk factors associated with HTN in Indians include age, alcohol, smoking and chewing tobacco, BMI, central obesity (defined as waist circumference >90 cm in men and >80 cm in women), consumption of low vegetables/fruits, high consumption of dietary fat and salt, and physical inactivity (Laxmaiah et al., 2015; Anchala et al., 2014) . Antihypertensive therapy alone has failed to reduce blood pressure to greater extent. Hence, life style modification is the first line treatment of choice in high normal or stage I hypertensive patients. Promoting physical activity, quitting the smoking, alcohol reduction, salt reduction in diet, stress reduction are some of the life style modifications that proven to reduce blood pressure (Vandana et al., 2016) . Exercises are better than pharmacological treatment as they don't have any known side effects and they are cheap, easy to administer. There are four main types of exercises that reduce the blood pressure to the extent of pharmacological interventions. They are physical activity such as walking, cycling etc., aerobic exercise, resistance exercise and isometric exercise . Isometric hand grip exercise, a form of simple, static resistance exercise, has shown to reduce blood pressure to the greater extent than that of other forms of exercise. A recent meta-analytical study that compares all forms of exercise concluded that isometric exercise is the best form of exercise to contain the blood pressure (Cornelissen and Smart, 2013) . These meta-analytical studies are mainly based on western population. In India, very few studies have been done to investigate the effect of exercise, aerobics, resistance and isometric, on blood pressure. Thus the primary objective of present review was to see the effect of isometric exercise on blood pressure in Indian population. Then to compare these results with international studies.
Materials & Method
This review was done between January and February, 2016. We comprehensively searched 'Google Scholar' search engine for relevant articles. The following search terminology was used to identify articles: "Isometric Exercise" AND "Blood Pressure" AND "India". 420 articles were identified in Google Scholar. Inclusion criteria for the selection of the present review are full text articles in English; intervention should be of at least 4 weeks; articles should be from India; subjects should be either normotensive or hypertensive individuals. Animal studies, review articles, subjects with other pathological condition were excluded. Studies using intervention other than isometric exercise were excluded. 3 articles met the inclusion criteria. In order to compare our results with international studies, we selected 4 meta-analytical studies (Carlson et al., 2014; Cornelissen and Smart, 2013; Kelley and Kelley, 2010; Owen et al., 2010) . We selected all articles included in these meta-analyses for our review. Total 10 articles were identified and we could find only 8 full text articles. We screened references of 8 full text articles for further articles related to isometric training on blood pressure. We identified 9 more articles (8 articles with full text). We included 5 articles which showed changes in SBP and DBP values after isometric training. Overall 13 articles, 18 study groups, included in this review (7 articles from Canada, 4 articles from UK and 2 articles from US; 8 articles from normotensives [10 study groups] and 5 articles from hypertensive [8 study groups] patients). 
Results
Isometric exercise is a type of exercise in which the contraction of muscle occurs without change in length of muscles. It is type of static exercise in which muscles contract without any movement at joint. We selected total of 3 articles with 140 normotensive subjects for this review. All the 3 articles are from northern India, 2 from Uttar Pradesh and 1 from Himachal Pradesh. All articles are recent one, at least 2014 or latter. Garg et al., 2014 investigated the effects of isometric exercise training on resting blood pressure in 30 normal adults aged 20-40 years. Isometric hand grip exercise training protocol consisted of five 3-min bouts of exercise at 30% MVC (Maximum Voluntary Contraction) separated by 5 minute rest periods. Exercise was performed 3 times per week for 10 weeks. There was a significant reduction in resting blood pressure following 10 weeks of exercise training. SBP reduced from 122.67 mmHg to 112.8 mmHg and DBP reduced from 81.73 mmHg to76.47 mmHg. They found mean difference (MD) of -9.87 mmHg for SBP and -5.26 mmHg for DBP. Sandhu et al., 2014 evaluated the effect of isometric exercise training on blood pressure in 50 normotensive individuals aged 19-35 years. Isometric handgrip training was imparted to 25 individuals for 8 weeks with increment in intensity every 2 week. They stated that after 2 weeks of training results was non-significant but after 6 and 8 weeks of training, there was a significant reduction in both SBP as well as DBP in experimental group as compared to control group. They found MD of -7.04 mmHg in SBP and -6.56 mmHg in DBP. Gandhi 2016 studied the effect of isometric hand grip exercise training of 5 weeks on cardiovascular and echocardiographic parameters among healthy males. Subjects were asked to perform 4 isometric handgrip exercises at 30% of MVC for 3 minutes with 5 minutes rest in between. The frequency of exercise was 4 days per week for a period of 5 weeks. Cardiovascular parameters were recorded at the start (pre) and at the end (post) of the training. Resting SBP reduced from 108.97 to 105.73 mmHg (MD -3.24 mmHg) and DBP reduced from 69.03 to 65.00 mmHg (MD -4.03 mmHg).International studies reported mean reduction of 7.14 mmHg in SBP and 2.74 mmHg in DBP (n=18). Hypertensive patients showed more reduction in SBP than normotensive subjects (7.76 mmHg Vs 6.65 mmHg for hypertensive, normotensive subjects respectively). However, there was no such difference in DBP values (2.71 mmHg Vs 2.77 mmHg for hypertensive, normotensive subjects respectively). Majority of the included studies were 8 weeks in duration (13 out of 18 study groups). They reported a mean reduction of 6.92 in SBP and 2.15 in DBP. There was no association between duration of intervention and BP reduction. Hand grip exercise seems to be superior to that of leg press exercise in hypertensive subjects (Howden et al., 2002) . 3 sessions per week is superior to that of 5 sessions per week (Badrov et al., 2013a) and followed by most of the studies. 
Discussion
The primary objective of present review was to see isometric training of at least 4 weeks duration on blood pressure in Indian adults. The results suggest that there was mean reduction of 6.72 mmHg in SBP and 5.28 mmHg in DBP. Even though we did not use any statistical tests, the results also suggest reduction in blood pressure is duration of exercise dependent especially in SBP. Results are comparable to each other since the intensity exercise is same in all three articles (30% MVC). Use of isometric exercise as a training modality to reduce blood pressure is relatively new phenomenon even in western population. Majority of publications are published after 2008 and reported a significantly higher reduction in BP than other type of training (i.e) aerobics, physical activity or dynamic resistance exercise. In a recent meta-analysis of 9 articles, Carlson et al., 2014 reported MD of -6.77 mmHg in SBP and -3.96 mmHg in DBP. Present review finding is similar for SBP and slightly higher for DBP. However, recent review on meta-analytical studies (total 3) Kulandaivelan et al., 2016 found MD of -10.13 mmHg in SBP and -5.84 mmHg in DBP after isometric exercise training. Based on this our present review is slightly higher for SBP and similar for DBP. Significant of this review is mean reduction of 6.0 mmHg in SBP could reduce mortality from coronary heart disease (CHD) by 12%, stroke by 18% (Stamler et al., 1989) . Another study found that rise of SBP by 6.0 mmHg and DBP by 4.6 mmHg would result in estimated 24% increased risk for CHD and 48% increased risk for stroke (Poirier et al., 2006) . These findings suggest that isometric training could be used as a preventive measure in young adults to counter future risk of hypertension. The important point to be noted here is that the volume of isometric exercise (15 minutes) used in these articles are much lesser than that of other type of exercises. Main limitation of this review is only 3 articles included for the review and all are from northern India. Another drawback is only one articles is from quality journal. We suggest that future studies should be conducted from other parts of India and the authors should publish in quality journals. All articles used same intensity of exercise for same duration. Future studies should focus to alter the determinants of exercise (i.e) intensity, volume and duration etc.
Conclusion
The present review conclude that isometric exercise training reduce the blood pressure in Indians that is similar to the findings of western population. So, health care practitioners should prescribe isometric exercise to young adults who are at risk of hypertension.
